Wet peroxide oxidation of oilfield sludge  by Jing, Guolin et al.
Arabian Journal of Chemistry (2015) 8, 208–211King Saud University
Arabian Journal of Chemistry
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEWet peroxide oxidation of oilﬁeld sludge* Corresponding author. Address: College of Chemistry and
Chemical Engineering, Northeastern Petroleum University, No. 199
Development Road of Daqing, PR China. Tel./fax: +86 459 650 3502.
E-mail address: jingguolin@yahoo.cn (G. Jing).
Peer review under responsibility of King Saud University.
Production and hosting by Elsevier
http://dx.doi.org/10.1016/j.arabjc.2011.06.008
1878-5352 ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.Guolin Jing *, Mingming Luan, Tingting ChenCollege of Chemistry and Chemical Engineering, Northeastern Petroleum University, Daqing 163318, PR ChinaReceived 25 February 2011; accepted 4 June 2011
Available online 15 June 2011KEYWORDS
Wet peroxide oxidation;
Batch reactor;
Oilﬁeld sludge;
RemovalAbstract Wet peroxide oxidation (WPO) of oilﬁeld sludge was performed in a batch reactor.
Effect of reaction parameters such as residence time, reaction temperature, HE (H2O2 excess)
and initial concentration of oilﬁeld sludge were investigated. The experimental results showed that
WPO can effectively remove the organic compounds of the oilﬁeld sludge, the residence time and
reaction temperature are the main factors for COD removal of oilﬁeld sludge. The initial concen-
tration of the oilﬁeld sludge and HE are also important. When the reaction temperature is
340 C, initial concentration of the oilﬁeld sludge is 4000 mg/L, the residence time is 9 min and
the COD removal oilﬁeld sludge could reach 88.68%. The COD removal increases with the rise
of reaction temperature and residence time. The preliminary study of mechanism on the oilﬁeld
sludge by WPO is carried out. The result indicates that the oilﬁeld sludge by WPO can be explained
by free radical mechanism.
ª 2011 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Wet peroxide oxidation (WPO) is a kind of advanced oxida-
tion technology developed on the basis of wet air oxidation
(WAO). The WPO technology uses hydrogen peroxide as oxi-
dant and is carried out under mild condition, so this can re-
duce energy consumption and equipment intensity. It hasgained wide attention of scholars at home and abroad in recent
years (Qiao et al., 2007; Li et al., 2007; Tang et al., 2006; Car-
riazo et al., 2005; Neamtu et al., 2004). Oilﬁeld sludge is the
byproduct of petroleum production and also one of the main
pollutants of petroleum. Output liquid from oil wells contains
lots of sludge and sand. It is deposited in oil sedimentation
cans. Large amounts of sludge contain water, crude oil and
other hazardous substances in the bottom of sedimentation
cans and containers such as crude oil storage tanks. Oilﬁeld
sludge is a kind of direct dump waste of resource, and it can
pollute the environment. So the key to treat oilﬁeld sludge is
to remove oil from it (Kuriakose and Manjooran, 2001). This
experiment uses sludge in sedimentation cans from the Second
Oil Production Plant of Daqing Oilﬁeld Company Ltd., China.
The sludge contains 42.8% crude oil, 55.4% water and 1.8%
sediment.
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Figure 2 Inﬂuence of residence time on COD removal.
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2.1. The reactor design
The general setup of the system including WPO reactor is
shown in Fig. 1.
This is an intermittent reacting system for WPO. It in-
cludes a reactor, heater reactor, gas–liquid separator and
other major equipment. Firstly water and oilﬁeld sludge were
put into the reactor, and then nitrogen ﬂowed through the
system and removed the air within the system; the valves
around the reactor were closed when the air was removed en-
tirely. The reactor was heated, and hydrogen peroxide was
added into the hydrogen peroxide container; when reactor
temperature reached the scheduled value, hydrogen peroxide
was injected into the reactor by using a high pressure pump.
When the reaction residence time was attained, the reaction
ﬂuid was put into the gas–liquid separator, and the gas and
the liquid were separated; opening the reactor vessel, the sed-
iment was removed directly. Reaction pressure and reaction
temperature were measured by a thermocouple and a pres-
sure transducer. The entire system does not need high-pres-
sure pump following the turbocharging system, the different
reaction pressure was controlled by reaction temperature
and by means of putting water into the reactor, and the
high-pressure pump was used only when hydrogen peroxide
was injected into the reactor. The reactor is made from
1Cr18Ni9Ti, and the reactor volume is 600 ml. The OE is de-
ﬁned as Eq. (1) (Cocero et al., 2002), in the present experi-
ment, hydrogen peroxide is the oxidant, so Eq. (2) is used
instead of Eq. (1).
OE ¼ O2;Excess ¼ ðO2Þin  ðO2ÞstoichiometricðO2Þin
 100 ð1Þ
HE ¼ H2O2;Excess ¼ ðH2O2Þin  ðH2O2ÞstoichiometricðH2O2Þin
 100 ð2Þ6
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Figure 1 The setup of WPO process, (1) nitrogen storage bottle, (2)
separator, (6) high pressure pump, (7) control instrument.3. Results and discussion
3.1. Inﬂuence of residence time on COD removal
Reaction residence time has a signiﬁcant impact on the COD
removal rate, since the rate increases with the rise of residence
time. It is, therefore, crucial to choose a suitable residence
time. In this experiment, the residence time varies from 1 to
9 min.
Fig. 2 shows that the COD removal of the oilﬁeld sludge is
affected by residence time. The initial concentration of the oil-
ﬁeld sludge is 1000 mg/L, HE is 0.86. COD removal of the oil-
ﬁeld sludge increases with the rise of residence time, which is
shown in Fig. 2, when the residence time was up to 9 min,
the COD removal of the oilﬁeld sludge increased gently. So
the appropriate residence time was 9 min.P
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Figure 4 Inﬂuence of initial concentration of oilﬁeld sludge on
COD removal.
210 G. Jing et al.3.2. Inﬂuence of reaction temperature on COD removal of
oilﬁeld sludge
The highest design temperature of reactor was 500 C, which
was based on the range of reaction temperatures [280,
340 C]. An experimental result shows that obvious changes
in the removal of COD occurred when the reaction tempera-
ture changed in an increment of 20 C.
The experiments were conducted under isothermal and iso-
baric conditions at temperatures of 280, 300, 320, and 340 C,
respectively. Steady-state temperature ﬂuctuations along the
reactor were ±3 C in maximum. Result was shown in Fig. 2.
Fig. 2 shows that the COD removal of the oilﬁeld sludge is
affected by reaction temperature. Fig. 2 indicates the COD re-
moval radiate upward trend with the rise of reaction tempera-
ture. COD removal is low at low reaction temperature (280–
300 C), but COD removal rate increases quicker than that
of under high reaction temperature (320–340 C). When the
residence time is 9 min, HE is 0.86, and reaction temperature
increases from 300 to 320 C, COD removal increases from
73.44% to 83.03%, while it increases from 83.03% to
84.06% when temperature increases from 320 to 340 C. So
the appropriate temperature for COD removal of the oilﬁeld
sludge is between 320 and 340 C.
3.3. Inﬂuence of HE on COD removal of oilﬁeld sludge
Fig. 3 shows that COD removal is affected by HE. The initial
concentration of the oilﬁeld sludge is 1000 mg/L and the resi-
dence is 9 min. The COD removal increases with the rise of
HE, which is shown in Fig. 3. The COD removals increasing
trend becomes gentle when HE is over 0.8, so the appropriate
HE is 0.8.
3.4. Inﬂuence of initial concentration of oilﬁeld sludge on COD
removal of oilﬁeld sludge
Fig. 4 shows that COD removal is affected by initial concen-
tration of the oilﬁeld sludge. The reaction temperature is
340 C, HE is 0.86, and the residence time is 9 min. The
COD removal increases with increasing initial concentration
of the oilﬁeld sludge, which is observed from Fig. 4. When ini-55
60
65
70
75
80
85
90
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
HE
C
O
D
 re
m
o
v
al
 
/%
Figure 3 Inﬂuence of HE on COD removal.tial concentration of oilﬁeld sludge reaches 1000 mg/L, the
COD removal can be up to 84.06%. When the initial concen-
tration of oilﬁeld sludge is 1000–4000 mg/L, the oil removal
changes gently, i.e., increasing from 84.06% to 88.68%. Be-
cause WPO reaction is an exothermic reaction, initial concen-
tration of oilﬁeld sludge should be chose between 1000 and
4000 mg/L.
4. Mechanism
Wang (2007) advocated the reaction mechanism of WPO is the
same as WAO, they are radical reactions. The reaction mech-
anism of WPO is below:
H2O2 þM! 2OH ð1-1Þ
M is a homogeneous boundary or heterogeneous boundary.
H2O2 ! H2OþO2 ð1-2Þ
RHþ OH! RþH2O ð1-3Þ
RþO2 ! ROO ð1-4Þ
ROOþRH! ROOHþ R ð1-5Þ
Peroxide is usually decomposed to smaller molecule com-
pounds, and the rupture promptly carries out then stops until
formic acid or acetic acid generates. Formic acid or acetic acid
is converted to CO2 and H2O ﬁnally. It is generally thought
that Eq. (1-3) is the rate determining step.
When hydrogen peroxide is in redox reaction, the reaction
is below:
H2O2 þM! 2OH ð1Þ
M is a homogeneous boundary or heterogeneous boundary.
Generated OH has a very strong oxidation, and it can react
with organic compounds then is oxidized, so it plays a critical
role in the whole oxidation process (Lee, 1996). In addition,
Takagi and Ishigure (1985) speculated that decomposition
reaction of hydrogen peroxide is determined by the following
pathway:
H2O2 þM! 2OH ð2Þ
Wet peroxide oxidation of oilﬁeld sludge 211OHþH2O2 ! H2Oþ HO2 ð3Þ
OHþ HO2 ! H2OþO2 ð4Þ
HO2 þ HO2 ! H2O2 þO2 ð5Þ
It is seen that oxygen is one product of hydrogen peroxide.
At the same time, there are reactions below in oxygen and
water systems (Tsang and Hampson, 1986).
H2OþO2 ! OHþ HO2 ð6Þ
HO2 þH2O! OHþH2O2 ð7Þ
H2O2 þO2 ! HO2 þ HO2 ð8Þ
It is seen that oxygen and water can also generate hydrogen
peroxide during the reaction. That means whatever the initial
state is the system of O2 and H2O or H2O2 and H2O is, it will
be transformed into a mixing system.
To sum up, free radical reaction mechanism can explain the
process of grease compounds in the oxidation and degradation
by WPO very well.
5. Conclusions
The decomposition of the oilﬁeld sludge was studied under iso-
thermal and isobaric conditions at 280, 300, 320, and 340 C,
and residence time from 1 up to 9 min, HE from 0 to 0.86, ini-
tial concentration of oilﬁeld sludge from 1000 to 4000 mg/L.
The results showed that WPO can effectively remove organiccompounds of the oilﬁeld sludge, the COD removal is up to
88.68% when the conditions are not very harsh in the circum-
stances. Reaction temperature, residence time, HE and initial
concentration of the oilﬁeld sludge are the important factors
that affect COD removal, and the appropriate reaction tem-
perature is 320–340 C, the residence time is 9 min, HE is
0.8, and initial concentration of the oilﬁeld sludge is 1000–
4000 mg/L. The oilﬁeld sludge by WPO can be explained by
free radical mechanism.
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